Thymic enlargement (TE) in Graves' disease (GD) is often diagnosed incidentally when chest imaging is done for unrelated reasons. This is becoming more common as the frequency of chest imaging increases. There are currently no clear guidelines for managing TE in GD. Subject 1 is a 36-year-old female who presented with weight loss, increased thirstandpassageofurineandposturalsymptoms.InvestigationsconfirmedGD,non-PTH-dependenthypercalcaemia and Addison's disease (AD). CT scans to exclude underlying malignancy showed TE but normal viscera. A diagnosis of hypercalcaemia due to GD and AD was made. Subject 2, a 52-year-old female, was investigated for recurrent chest infections, haemoptysis and weight loss. CT thorax to exclude chest malignancy, showed TE. Planned thoracotomy was postponedwheninvestigationsconfirmedGD.Subject3isa47-year-oldfemalewhopresentedwithbreathlessness,chest painandshakiness.InvestigationsconfirmedT3toxicosisduetoGD.ACTpulmonaryangiogramtoexcludepulmonary embolism showed TE. The CT appearances in all three subjects were consistent with benign TE. These subjects were given appropriate endocrine treatment only (without biopsy or thymectomy) as CT appearances showed the following appearancesofbenignTE-arrowheadshape,straightregularmargins,absenceofcalcificationandcystformationand radiodensityequaltosurroundingmuscle.Furthermore,intervalscansconfirmedthymicregressionofover60%in 6 monthsafterendocrinecontrol.InsubjectswithCTappearancesconsistentwithbenignTE,aconservativepolicywith intervalCTscansat6 monthsafterendocrinecontrolwillpreventinappropriatesurgicalintervention.
Summary
Thymic enlargement (TE) in Graves' disease (GD) is often diagnosed incidentally when chest imaging is done for unrelated reasons. This is becoming more common as the frequency of chest imaging increases. There are currently no clear guidelines for managing TE in GD. Subject 1 is a 36-year-old female who presented with weight loss, increased thirstandpassageofurineandposturalsymptoms.InvestigationsconfirmedGD,non-PTH-dependenthypercalcaemia and Addison's disease (AD). CT scans to exclude underlying malignancy showed TE but normal viscera. A diagnosis of hypercalcaemia due to GD and AD was made. Subject 2, a 52-year-old female, was investigated for recurrent chest infections, haemoptysis and weight loss. CT thorax to exclude chest malignancy, showed TE. Planned thoracotomy was postponedwheninvestigationsconfirmedGD.Subject3isa47-year-oldfemalewhopresentedwithbreathlessness,chest painandshakiness.InvestigationsconfirmedT3toxicosisduetoGD.ACTpulmonaryangiogramtoexcludepulmonary embolism showed TE. The CT appearances in all three subjects were consistent with benign TE. These subjects were given appropriate endocrine treatment only (without biopsy or thymectomy) as CT appearances showed the following appearancesofbenignTE-arrowheadshape,straightregularmargins,absenceofcalcificationandcystformationand radiodensityequaltosurroundingmuscle.Furthermore,intervalscansconfirmedthymicregressionofover60%in 6 monthsafterendocrinecontrol.InsubjectswithCTappearancesconsistentwithbenignTE,aconservativepolicywith intervalCTscansat6 monthsafterendocrinecontrolwillpreventinappropriatesurgicalintervention.
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Learning points:
• • Chest imaging is common in modern clinical practice and incidental anterior mediastinal abnormalities are therefore diagnosed frequently.
• • Thymic enlargement (TE) associated with Graves' disease (GD) is occasionally seen in view of the above.
• • There is no validated strategy to manage TE in GD at present.
• • However, CT (or MRI) scan features of the thymus may help characterise benign TE, and such subjects do not require thymic biopsy or surgery at presentation.
• • In them, an expectant 'wait and see' policy is recommended with GD treatment only, as the thymus will show significantregression6 monthsafterendocrinecontrol.
Background
Thymic enlargement (TE) is known to occur both in Graves' disease (GD) and Addison's disease (AD) and in myasthenia gravis. Its incidence is unknown as the thymus is not routinely imaged in them -TE often being diagnosed when imaging is done for unrelated reasons in GD, that is they are 'thymic incidentalomas'. TE in GD was first described more than a century ago (1), and it is plausible that it may be related to its role in endocrine autoimmunity. Several further reports of TE in GD have been published since then (Table 1 ). There are no controlled studies about the nature of TE and its outcome in GD. This is important as although the vast majority of TE is benign, as evidenced by regression during treatment or by histology following surgery, malignancy may occur in a small minority (2) . Several studies indicate partial or complete regression in the majority after thionamide treatment (Table 1) . This paucity of controlled evidence causes therapeutic uncertainty when TE complicates GD. Also, there are no controlled outcome studies comparing thymic biopsy/ surgery at presentation to an expectant 'wait and see' policy of GD treatment and interval scanning. Physicians looking for a safe management pathway often find radiological features of the thymus (e.g. CT or MRI scan appearances) useful in this regard (3, 4) .
We describe three patients with TE in GD. They were identified as having likely benign TE on CT appearances, given specific endocrine therapy only and had interval scans 6 months after control. Significant thymic regression occurred in all. Thus, biopsy and/or surgery was avoided in all three subjects.
Case presentation

Subject 1
A 36-year-old woman presented with recent onset vomiting, thirst, constipation, muscle aches and dehydration. She had an unintentional weight loss of five stones in 4 months, with hair loss, 'shakiness' and postural symptoms. She took no medication and did not smoke or consume alcohol. Clinical examination showed a dry tongue, a regular pulse of 100/min, tremors, alopecia, and a smooth, symmetrical goitre with a loud bruit. She also had periorbital oedema but no signs of active Graves' orbitopathy (GO). She had no buccal or skin pigmentation and systems examination was normal. After adequate intravenous fluid therapy, she had persistent postural hypotension -blood pressure of 115/51 lying and 91/50 mmHg on standing.
Subject 2
A 52-year-old nurse was referred for hyperthyroidism first noticed during pre-operative assessment for thymic biopsy. She presented with recurrent chest CT scan images of the thymus in three subjects, beforeand6 monthsafterthionamidetreatment. CT scans of three subjects with Graves' disease (GD) who had thymic enlargement diagnosed incidentally, showing benign characteristics of the thymus -triangular shape, regular straight borders,homogeneousopacificationandno invasionofsurroundingstructures,calcificationor cyst formation (A -left hand panels -solid white arrows). Six months after thionamide therapy for GD,therehasbeensignificantregressionofthe thymus(inexcessof60%involume),confirming their benign nature (B -right hand panels -solid black arrows with white border).
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A diagnosis of non-PTH-mediated hypercalcaemia, complicating GD and AD was made. (Fig. 1A) . GD was diagnosed and treatment was changed to carbimazole.
Subject 3
Investigations -(a) free T3: 6.7 pmol/L; free T4: 18.7 pmol/L; TSH: <0.02 mU/L; (b) TRAb: 4.5 U/L; (c) chest X'ray -normal; (d) CT pulmonary angiogram to exclude pulmonary embolism (PE), showed no PE but demonstrated TE (Fig. 1A) . A diagnosis of T3 toxicosis due to GD was made.
Treatment Subject 1
She was rapidly rehydrated and given 4 mg of zoledronic acid intravenously. Carbimazole and selenium were given for GD and mild inactive GO, and hydrocortisone (HC) and fludrocortisone (FC) for AD, with significant symptomatic improvement.
Subject 2
Thoracic surgery was cancelled. She is currently on carbimazole and vitamin D and clinically and biochemically euthyroid.
Subject 3
She was commenced on carbimazole in appropriate doses.
Outcome and follow-up Subject 1
CT thorax 6 months later showed a 67% reduction in thymic volume -from 38 × 15 × 51 mm to 23 × 11 × 38 mm (Fig. 1B) . More than 1 year later, she is asymptomatic without postural hypotension and her calcium levels have remained normal. She is also clinically and biochemically euthyroid.
Subject 2
CT thorax, 6 months after endocrine control, showed a 65% reduction in thymic volume -from 63 × 59 × 22 mm to 42 × 34 × 20 mm (Fig. 1B) . Her vitamin D and liver enzymes have normalised and 1 year later she is clinically and biochemically euthyroid.
Subject 3
CT chest 6 months after endocrine control showed a 61% reduction in thymic volume (Fig. 1B) -from 41 × 18 × 57 mm to 31 × 13 × 41 mm. Her GD remains well controlled.
All three subjects had thymic 'incidentalomas' at presentation. We managed them with specific treatment for GD only (and AD in subject 1), as the CT features were consistent with benign TE (Fig. 1A) . Repeat CT scans 6 months after endocrine control confirmed thymic regression (Fig. 1B) . We prevented planned thoracotomy in subject 2.
Discussion
We have described three subjects with TE with GD. They all had thymic 'incidentalomas' on CT scans done for unrelated reasons. We adopted a 'wait and see' approach because the radiological features of the thymus were consistent with benign enlargement -thus avoiding transthoracic biopsy and/or surgery. All three subjects showed significant thymic regression (between 61 and 67% by volume) 6 months after endocrine control.
The utility of CT scans in TE with GD
The thymus is largest and radiologically most prominent at puberty and then becomes smaller and replaced by fat (4) . Its radiodensity declines in comparison to surrounding muscle (4) . As chest radiology is increasingly done for unrelated reasons as in our subjects (screening for malignancy, investigating chest pain and breathlessness), mediastinal abnormalities are more commonly seen. Approximately 0.4% of smokers over the age of 40 years, and 0.9% of the Framingham Heart Study population, had anterior mediastinal masses (5, 6) .
The utility of CT imaging in differentiating between benign TE and malignancy is becoming clearer, although Thymic enlargement in Graves' no imaging features absolutely differentiate between the two. In one study examining 124 CT scans of subjects who underwent thymic surgery, shape, straight clear margins, homogeneous attenuation, absent lymphadenopathy or invasion of surrounding structures, were identified as features important in differentiation (3). Most authorities agree that benign TE is characterised by -(a) an arrowhead, triangular or bipyramidal appearance with straight regular margins, (b) radiodensity equal to surrounding thoracic muscles, (c) lack of infiltration of surrounding structures and (d) lack of calcification and cyst formation (3). Significant thymic regression after endocrine control is also good evidence of benign TE. MRI scans may be useful to differentiate between the two when in doubt (techniques utilise the lower fat content of thymic tumours compared to the higher fat content of benign hyperplasia).
Our three subjects fulfilled both sets of criteria -(a) 'benign' thymic CT appearances and (b) significant reduction in thymic volume (61-67%) 6 months after GD control (Fig. 1B) .
Regression of thymic enlargement during treatment of GD
There is good evidence that significant regression of TE occurs with GD treatment confirming its benign nature in most (2, 7, 8) . Betterle et al. reported 107 cases of TE complicating GD, of whom only four were malignant (2). Murakami et al. in an early study, compared thymic CT in 13 patients with GD, and confirmed a significant reduction of size and radiodensity. Yacoub et al. compared eight subjects who underwent surgery for anterior mediastinal masses in GD, with 13 subjects who were given drugs only with interval scanning. All surgical samples were histologically benign and thymic regression occurred in all who had only GD therapy (8) . There is also evidence of thymic regression in a review of 31 case reports of GD subjects who only had drugs for GD followed by interval CT scans (9) . More recently, Shanmugasundaram et al. published a report of a single patient and Jinguji et al. published a case series of 40 subjects who had thionamides and RAI, where thymic regression followed therapy for GD (10) . These data suggest that the vast majority of TE in GD is benign (103/107 in Betterle's series) and that thionamide therapy either alone or followed by RAI results in thymic regression. Many surgeons now question the need for surgery on thymic 'incidentalomas' associated with GD, despite improvement in surgical technique and minimally invasive thymectomies.
Incidence and possible mechanisms of TE
The incidence of TE in GD and AD is unknown and a study examining this is unlikely any time soon. However, there have been many case reports and series describing this relationship (Table 1 Although TE has been well documented in GD, its incidence in Hashimoto's thyroiditis (HT) is unknown. Early descriptions of histologic thymic hyperplasia in HT (11) , and myasthenia gravis and HT occurring sometimes with other autoimmune diseases (12) , has been supplemented with occasional case reports in the more recent literature (13, 14) . No definitive relationship can be deduced from the above.
However, a word of caution -(a) there are no absolute radiological criteria that differentiate between benign and potentially malignant TE; (b) although CT scanning is used as standard imaging for characterisation, there has been no comparison with MRI or PET scanning; (c) there is no consensus with regard to the length of follow-up before repeating CT after endocrine control -most advocating 3-6 months; (d) there is no evidence about the superiority of different surgical approaches (biopsy vs thymectomy), compared to a 'wait and see' policy as no comparison has been done.
Conclusions and recommendations
We have described incidentally diagnosed TE in three subjects with GD who had scans for unrelated reasons. We repeated scans 6 months after endocrine control and showed thymic volume regression of 61-67%. The incidence of TE in endocrine disorders is unclear and controlled studies are lacking about the management of this condition. CT imaging may help differentiate between benign TE and likely malignant TE, although there are no absolute certainties. MRI scans may be used to clarify. Those selected for a non-surgical approach with thionamide therapy alone should undergo a repeat CT (or MRI) scan in 6 months after endocrine control. All benign lesions would undergo regression with significant change in thymic volume. However, if there is any doubt clinically or radiologically, a biopsy or thymectomy should be considered until conclusive evidence to a different approach becomes available.
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